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FOREWORD

The Army is currently engaged in a large-scale, long-term effort, Lown
as Project A, to develop selection and classification measures that are
directly linked to future Army performance. Potential selection and
classification measures already developed cover four broad predictor
domains-cognitive, psychomotor, temperament and interest. Army develop-
mental efforts in the cognitive and psychomotor domains parallel to some
extent recent developments in the U.S. Air Force and Navy. This report
presents for the first time an analytic integration of the cognitive and
psychomotor measures developed by the three services, building upon recent
work by R. Z. Christal. It provides a catalogue of measures available in
each of the major services and compares measures on selected character-
istics. The informption provided should be particularly useful to potential
test users, both in the Army and in the other services, in the initial
Identification and review of tests for particular measurement purposes, and
to researchers interested in the test domains covered. However, this
document should not be relied upon for exhaustive treatment of each of the
tests covered; those interested in more detailed information should consult
the relevant documentation provided by the developing agency.

Project A was authorized through a Letter, DCSOPS, 'Army Research
Project to Validate the Predictive Value of the Armed Services Vopational
Aptitude Battery', effective 19 November 1980; and a Memorandum, Assistant
Secretary of Defense (MRA&L), *Enlistment Standards', effective 11 September
1980.

In order to ensure that Project A research achieves its full scientific
potential and will be maximally useful to the Army, a governance advisory
group comprised of Army General Officers, Interservice Scientists, and
experts in personnel measurement, selection and classification was estab-
lished. Members of the latter component provide guidance on technical
aspects of the research, while general officer and interservice components
oversee the entire research effort, provide military judgment, provide
periodic reviews of research progress, 'results and plans, and coordinate
within their commands. Recently members of the General Officer's Advisory
Group included MG W.G. O'Leksy (DHP) (Chair), MG C.F. Briggs and MG T.J.P.
Jones (FORSCOM, DCSPER), B4 W.C. Knudson and MG J.B. Allen, Jr. (DCSOPS), BC
F.M. Franks, Jr. (USAREUR, hDCSOPS). and MG J.9. Corns (TRADOC, DCS-T). The
General Officers' Advisory Group has been briefed periodically, from 1983
to, most recently, May, 1987, on the development and data pertaining to the
Project A cognitive and psychomotor predictor measures described in this
report. Members of Project A's Scientific Advisory Group (SAO) guide the
technical quality of the research. During the period covered by this
report, they included Drs. Philip lobko, Thoms Cook, Milton Rakel (Chair),
Lloyd Numphreys, Robert Linn, Larry Johnson, Mary Tenopyr, and Jay Uhlaner.
The SAG has been briefed biannually, from 1983 to, most recently, September
1987 an the Project A predictor measures described in this report.
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FOREWORD (CONTINUED)

A comprehensive set of new selectionlclaesificatLon tests and job
performance/training criteria have been developed and field tested, and the
revised tests have been administered in a large-scale concurrent validation
data collection effort. Results vill be used to link enlistment standards
to required job performance standards and to more accurately assign soldiers
to Army jobs.
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A COMPARISON OF THE ARMY'S PROJECT A COGNITIVE AND PSYCHOMOTOR TESTS TO
ANALOGOUS AIR FORCE AND NAVY TESTS

EXECUTIVE SUMMOARY

Requirementt

To compare recent tests developed by the Air Force and Navy with that
portion of the Army's Project A predictor battery that measures cognitive

* and psychomotor aspects of human performance. The purpose was to identify
areas of overlap and uniqueness between the Army tests and the tests of the
other two services.

Procedure:

* The author reviewed two tni-service reports (Christal, 1984, 1985) and
reconstructed descriptions of the Air Force Human Resources Laboratory and
Naval tests into tables describing the tests in terms of the following: a
brief verbal description, experimental design, statistics representing
subject performance, reliability and construct representativeness. Tables
detailing each test's similarity to the Army's Project A predictor battery
are included.

Findings:

A number of tests being developed by the other services appear to be
similar to the Project A predictor battery, (e.g., Project A's Number Memory
and Memory Scanning Tests). However, there appear to be tests unique to
each service; of particular note is the use of the paired-associate paradigm
for a number of tests developed by the Air Force. Tests that neither
service appears to be stressing or developing in the programs covered by the
present report include selective attention measures.

Utilization of Findings:

The findings suggest that the Project A predictor battery includes
measures of common interest with the other services, but that there may be
measures which one or the other of the services is developing which may be
candidates for supplements to the Project A Battery. These include measures
that focus on (a) handling information overload, (b) handling a continual
stream of competing information, or (c) capturing learning rates of tasks
that appear to be essential components of one or more real world tasks. A
data base that defines tests in terms of the primary test characteristics
Identified by this report may allow for more systematic listing of tests for
determining further candidate measures of potential use in Army selection
and classification testing.
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INTRODUCTION
Mark Y. Czarnolewski and Michael G. Rumsey

Psychology has recently seen an explosion of measures which capture
reliable individual differences in performance in the content domains of
cognitive psychology, psychomotor performance and ability testing (Hunt I
Pellegrino, 1985). These new measures have operationalized constructs that
appear sensitive to a person's ability to use different types of information
(e.g., verbal versus physical types of information) or to a person's ability
to use search strategies when making a decision based on that information
(e.g., exhaustive versus self-terminating decision-based searches).

Many of these new measures of individual differences represent more
dynamic testing situations than the paper and pencil individual difference
measures classically found in the literature. Microcomputers are increas-
ingly becoming more adapted to mass testing of these dynamic situations,
with the o esult that a variety of these measures can be used for either
selectio and classification or diagnostic purposes.

The military services are currently developing and augmenting their
test batteries for both predictive and diagnostic purposes. Christal (1984,
1985) lists tests being developed by the U.S. Army, Air Force, and Navy, a
separate Tri-Services research effort that has input from the above three
services, and military services of other countries, most notably Canada and
England. Christal's reports provide lists of tests and appear to allow each
of the services covered to present information of their developing tests in
a format selected by that service.

Christal's reports, however, do not attempt to look at the interrela-
tionships among the tests. The identification of tests is a worthwhile
service, but greater understanding of the services' testing programs and the
interrelationships among the described tests is needed. There is a need to
identify test characteristics which allow one to compare and contrast the
different tests.

The present report attempts to compare a number of the tests in

Christal's reports in terms of the operational procedures that appear to be

required to perform the tests and in terms of the constructs that the tests
are designed to represent. The report also refers to methodologically sound
and theoretically based concepts so that the reader can get a 3handle, on
the large number of diverse measures that are described in Christal's
reports.

This report will reflect the investment into test development from the
U.S. Army's perspective; specifically, the report will briefly describe the
research efforts and specific tests being developed by the U.S. Army, Air
Force and Navy. The report will then attempt to focus on the Army measures
by comparing these measures to the measures of the other two services.

The Army research project which is developing the predictors reviewed
in this report is called Project A (Eaton, Goer, Harris & Zook, 1985).
Project A is designed to evaluate and update the selection and classifica-
tion system of the Army. The project entails the development of both
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criterion and predictor measures, with the intent that the developed
predictor measures and the currently used predictor measures (the latter
being the Armed Services Vocational Aptitude Battery or ASVAB) be validated
against the criterion measures (Eaton et al., 1985). The intent of the
present report is to describe a portion of the research effort of Project A
and to compare the described portion of Project A to similar efforts of the
Air Force and Navy. Specifically, of the four original predictor constructs
of interest in Project A -i.e., Cognitive, Psychomotor, Temperament and
Interest (Peterson, 1985)- the present paper will deal with just the first
two.

This report is not intended to be a comprehensive literature review of
cognitive measures or psychomotor skills, in general, or of all Air Force,
Navy and Army tests designed to represent these domains of behavior.
Rather, the intent7 is to restructure the extensive verbal descriptions of
many of these tests that are described in Christal's reports into a tabular
format that facilitates direct comparison. The tables contain brief
descriptions that highlight relevant task and/or psychometric charac-

teristics of each test.

The structure of the report reflects the intent of preliminary evalua-
tion and across service comparisons. First, each service's test development
program(s) is~are) described briefly, and each program's tests are described
and critiqued. Afterwards, comparisons are made between Project A tests and
the Air Force and Navy tests. These comparisons include discussions of the
research activities of these three services and categorization of the
research activities as 'similar', 'different', or 'not dealt with'.
Concluding coumments suggest that the perceived overlaps and distinctions
among the services may be reflecting the common and unique research ques-
tions that each service seeks to answer.

It should be noted that this report labels both ability tests and
information-processing tasks as cognitive measures. It should also be noted
that a variety of approaches have been used to study such measures. One
approach attempts to further the understanding of a construct by exploring
the psychometric characteristics of a test that is developed to represent
that construct. Using this psychometric approach, researchers have, for
example, developed reliability techniques to evaluate a test's measurement
consistency, and have developed factor analytic techniques to define
particular constructs and to test their validity. A second approach uses

* experimental manipulations to examine human behaviors associated with
particular constructs. From this approach have come methodologies to
represent learning strategies, as well as search and other decision-making
strategies.

The recent integration of the two previously disparate areas of
psychometrics and experimental psychology is found in the study of individ-
ual differences in learning or information processing tasks. This integra-
tion is exemplified by Hunt's (1978) work, which factor analyzes a number uf
experimental tasks to construct a model of attention, or by Sternberg
(1977). who employs an experimental manipulation of an inductive reasoning

2



A' task; a task which, in the past, vould have been described and constructed
A' in terms of psychometric techniques. Identification of individual

differences may, thus, be achieved by either psychometric or experimental
approaches for studying human behavior. The present paper attempts to

capture the more integrative approach by reporting, where possible, informa-
tion on a given task or teat in terms of psychometric and experimentally-
based descriptors.

The author of this report must, however, acknowledge an inconsistency
in the coverage of the tests in this report. One inconsistency is due to
the reference documents' (i.e., Christal, 1984, 1985) not employing the same
descriptions for evaluating each test's properties (e.g., psychometric
properties). The other inconsistency is due to the author's desire to
discuss the paradigms on which some of the tests are based to highlight
unique characteris'tics of the tests or to coimment on the ways those tests
are or are not being used. For example, there is a discussion of a
subject's performance changes when taking tests that are given over repeated
blocks of trials. This discussion is found in a section describing measures
of automaticity - a paradigm in which extensive practice results in a
qualitative change in the strategy a subject employs when performing certain
tasks. The author briefly describes the theory involved in the automaticity
paradigm and points out other possible experimental strategies than the ones
currently being considered by the service using the paradigm (e.g., the Air
Force). Such a discussion would not be relevant for all tests. Comparisons
between measures developed by psychometric methodologies and measures
developed by experimental methodologies are also found only in sections
where such discussions are relevant, such as the Air Force learning curve
parameter identification program. The research focus of that program
suggests that one may define a given learning task in terms of an ability
that is defined by a test from the psychometric tradition, or by a cognitive
operation from the experimental tradition -- a point which, again, would not
be relevant for all tests covered by this report.

In summary, this report is intended to do the following:

Describe cognitive or psychomotor measures being employed by primary
research efforts in the Army, Air Force and Navy. These include Air
Force and Navy tests as of 1985 and Army tests as of 1986.

Provide the reader with some background on the paradigms or theories
on which some of the tests are based;

Where the available background information permits, specify
particular ways in which the tests might be used as predictors or
diagnostic tools;

Compare the Army's Project A cognitive and psychomotor measures to
the Air Force and Navy tests in terms of each test's stimulus charac-
teristics, construct representativeness, or paradigmatic foundation;

Identify similarities and differences between Project A cognitive and

3



0. psychomotor measures and the Air Force and Navy cognitive and psycho-

motor measures; the discussions on differences include (a) use of
different tests and (b) use of similar tests differently (e.g., more
or less practice).

AIR FORCE PROGRAMS

The Air Force Human Resource Laboratory (AFHRL) research programs
appear to stress identification of individual differences in a number of
tasks representative of both the learning and information processing facets
of the experimental literature. Two of the programs are the Basic
Attributes Test (BAT) Program and the Learning Abilities Measurement Program
(LAMP). A brief description of each program and its respective tests
follows. The LAMP project is the more extensive of the two programs;
consequently, mosC of this section will discuss LAMP.

Basic Attributes Test Program

The Basic Attributes Tests (BAT) were designed to predict aircraft
pilot performance. Two behavioral domains represented include personality
assessment and information-processing 'capability' identification. The
intent for the latter domain was to identify tasks that measure the abili-
ties to quickly sort, prioritize and act on a continual stream of visual,
auditory and tactile information. The personality measures of the BAT are
included in the present review of cognitive and psychomotor measures because
a number of the personality measures are of a dynamic nature and require
computer administration. They were, therefore, considered relevant to this
review.

The BAT tests are listed in Table 1. Numbers are used to identify a
test's location in the table. Sections of the table are not filled in
because relevant information was not provided by the Christal reports. This
format is applied for all tables in this report.

The tests in Table 1 include, from the classical psychometric tradi-
tion, abilities adapted for computer testing, such as Perceptual Speed (1)
and Field Dependence (10). Information processing paradigms from the 1970s
include encoding speed (4), mental rotation (5) and item recognition (6).
Channel capacity models from the 19609 are represented by Time-Sharing (3),
which includes the ability to simultaneously process information load and
tracking information, and Decision-Making Speed (8), which requires the
ability to process an increasing amount of information load. A psychomotor
task (16) is also included.

The BAT's label of Encoding Speed for one of its tests deserves com-
ment. This task was developed by Posner (Posner, Boies, Eichelman & Taylor,
1969) and may be more accurately described as a SAME-DIFFERENT judgment task
that distinguishes between nominal and physical identity (Nickerson, 1972;
Posner, 1978). The term 'encoding' is usually employed to represent one of
the hypothesized information processing stages for this task (Farrell, 1985;
Krueger, 1978, Nickerson, 1972).

5' 4
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Table 1

Air Force Basic Attributes Test

Task Task Statistic
Nam Description Design of Interest

1. Perceptual Press buttons In same Digit Size - 4
Speed order as sequential

presentation of digits.

2. Dot Decide which of two
Estimation boxe has more dots

(Compulsive vs.
Decisive Behavior).

3. Time Maintain a marker's Blocks - 3: 5 trials/Block
Sharing position in a compen- Blocks (No secondary task

satory task. vs. Secondary task requiring

observing digits and pressing

corresponding buttons vs.
Same secondary task but with

time constraint).

4. Encoding Posner task requiring Type of Identity (Physical vs.

Speed SAME-DIFFERENT Judgments. Nominal vs. Categorical. e.g.

consonant or vowel).

5. Mental Task requires SAME- Perspective (SAME vs. Mirror
Rotation DIFFERENT Judgments. Image); Orientation (SAME vs.

Rotated).

6. Item Sternberg Task - Decide Memory Load (1 to 6 digits).

Recognition whether a digit was pre-
sent or absent in a
previous array.

7. Immediate/ Given a number in a Memory Load (not specified).
Delayed sequence of numbers Backtrack from Specified Item
Memory select the number that (1 vs. 2 steps).

is one or two steps back

(Modified Sternberg Task).

5
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Table I (Continued)

Air Force Basic Attributes Test

Task Task Statistic
lam Description Design of Interest

8. Decision- Choose correct response Amount of Uncertainty (2 vs. 4
Making in a simple RT task with vs. 8 potential stimuli) x Type
Speed a 1:1 mapping between of Information (where and when

stimulus and response signal will occur vs. where
signal will occur vs. when signal
will occur vs. neither where nor
when signal will occur.

S. Risk-Taking Out of 10 boxes, pick as
many boxes one-at-a-time
without picking the
•disaster' box.

10. Embedded Decide which of 2 complex RT. Errors
Figures geometric figures contains

a specified simple figure.

11. Self-Credit- Project own performance Blocks - 3. 10 questions/
Ing Word in a vocabulary task Block. Increase Difficulty
Knowledge of increasing difficulty. (Block 1 vs. Block 2 vs.

Block 3).

12. Activities Decide interest between Pairs of activities - 81.
Interest activities differing In
Inventory danger to self.

13. Automated Decide preferred Number of paired choices
Aircraft attitude and interest. - 200.
PersonalityProfiler

14. Biographical Identity. Age
Data Gender. etc.

Personal His-
tory. Attitudes
Toward flying

15. Psychomotor-a Two-handed coordination

16. Psychomotor-b Coordinate stick and rudder

N :
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Personality type measures include Dot Estimation (2) Risk Taking (9),
* Self Crediting Word Knowledge (11), Interest (12). and Personality (13)

profiles.

Learning Abilities Measurement Program

The Learning Abilities Measurement Program (LAMP) is a long-term basic
research program intended to develop a theory-based system of ability
measurement. The program relies on microcomputers and other measurement

4. devices to measure previously unevaluated abilities, response latencies and
learning efficiencies under laboratory-controlled conditions.

Four programs are embedded vithin the Learning Abilities Measurement
Program (LAMP). Thiese are:

(a) tasks used to establish a baseline of information on Air Force
enlisted personnel;
(b).learning tasks used to evaluate learning curve parameters in
predicting subsequent learning proficiencies;
(c) tasks designed to measure individual differences in movement toward
automaticity;
(d) tasks constructed for use in various in-house experiments
(Christal, 1984).

Each of these programs will be discussed in turn.

Baseline Tasks

Table 2 contains a list of the information-processing and learning
tasks. The table contains a short description of each task, the experi-
mental design embedded within each task, the statistics employed to repre-
sent subject performance and the reliability of those statistics.

The tasks include simple reaction time (RT) (1) and binary classifica-
tion tasks, such as choice RT (2), variations on the Posner Nominal-Physical

.'V Match Task (3,4), Sternberg Memory Scanning Task (7a, 7b), and Neisser's
Search for Presence Task (21). There is also an emphasis on paired-
associate tasks of various forms. These include the basic paradigm (10),
retest format (13), retention despite interference (i.e., retroactive
interference) (14), and updating of information (19). Another memory test
is the missing digit task (17). Inductive reasoning tasks are represented
(18, 20) as is a deductive reasoning task (16). Tasks evaluating the effect
of sentence structure on comprehension are also represented (9, 28).
Construct comparisons between these measures and those of Project A will be
found in the section entitled 'Army's Project A Predictor Battery'.

liethodological Issues. An initial comparison will be made between the
Air Force Tests and the Project A tests to highlight the test character-
istics that were reviewed to both describe the tests and to use as standards
for comparing the tests. The description of the Baseline test battery is

7
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Table 2

Air Force Baseline Tests

Data end Reliability

Task Task Statistic of Reliability
Name Description Design Isterest Type Amount

1. Simple AT Blocks - 6; 20 trials/Block Mean AT Direct Computation .99

Blocks 1.3.5 right forefinger Odd/Even Split-half,

Blocks 2.4.6 left forefinger S.D. IT Corrected for length. .99
Odd/Even Split-half,
(cfl) .9

2. Two Choice Blocks - 6; 20 trials/Block Mean AT Method of Average:
ST Correlation. cf1 .96

Direct Computation .98

3. Posner Blocks 2; 60 trials/Blaock. mean AT Test-Retest. cfl .97
Physical
match (P1)

4. Posner Within each Block, Blocks - 2; 80 trials/Block. Mean AT Imediate Test-Retest .96

Name P.I. - 43 trials, with each Block NI - PI Reliability
Match (NI) N.1. - 37 trials Difference Scores .43

S. Single Word Categorize words Blocks - 6; 20 trials/Block. Decision Time Split-half. o1 .93

Categorize- connotation within each Block. 1/2 Direct Computation .99
tion trials positive end 1/2 trials Number Errors Split-half, cfl .75

megative connotation Categorization Reliability of

Time-TWo Difference scores .89
Choice AT

6. Word Pairs Pairs of Words Blocks - 2; B0 trials/Block. Mean AT Split-half. cfl .99

Presented Simul- Type of connotation,
taneously Positive * SANE

Negative - D1FF

7s. Sternberg Meory Scanning Memory Load (2.3.4.6) Overall eansRT Direct computation .98
Numbers 160 Trials Slope Across Load Split-half. cf 1 .B3

Intercept of Slope Split-half. cfl .88

7b. Sternberg Memory Scanning Memory Load (2.3.4.6) Overall mean AT Direct Computation .99

Words; examinees 160 Trials Slope Across Lead Splift-half. crl .B7
receive 4 consec- Intercept of Slope Split-helf, cf1 .94
tive trials at
a given set size
for 7s. 7b.

B. Numerical A separate set for Sets - 5. 36 Trials/set Add. Mean IT *eliability .95

Operations each: addition, SO AT Reliability .53
subtraction, Subt. Mean AT Reliability .9S
miltiplication, SO AT Reliability .60

division, mixed. "lt. Mean AT &eliability .91

SO ST Reliability .59

Divs. mean ST Reliability .93

SO IT Reliability .71

Nixed Mean AT Reliability .97

SO AT Reliability .75

Note. cf 1 • corrected for length
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Table I (Continued)

Air Force Baseline Tests

Data and Reliability

Task Task Statistic of Reliability

Name Description Design Interest Type Amot

9. Sentence Determine truth or Sets - 4, 32 sentences/set. Items Correct Average Sebtest
Verification falsity of simple Factorial Design: 1to latercorrelation.

sentences of the follow* vs. *To Precede" cfl .15
following: X 0 Active vs. Passive
The X Is Not Positive vs. Negative Form Nean Time to Average Subtest
follwed by the 0. 0 first vs. X first Complete Form latercorreletiou .94

10. Paired Learn asingle 10 associations. Criteria: Number of trials

Associates digit nmbtr assoc- a) get 10/10 correct is any required to lear
Learning lated with's low I of 3 consecutive blocks Individual word Coefficient

associ-CVC trigram or b) continue until 25th Alpha .18

block

11. Noyer- Subject decides the Sets - 2; 72 digit pairs/set Mean IT Test-Retest. cf 1 .99
Lendauer larger of two Slope * func. (digit diff) Test-Retest. cfl .46

horizontally Intercept of "diff" slope Test-Retest. cf1 .97

adjoining digits. R-Square of 'diffl slope Test-Retest. ctfl .47
Slope - run. (digit ratio) Test-Retest. cfl .14
Intercept of 'ratio* slope Test-Retest. Cfl .96
I-Square of *ratio" slope Test-Retest, 01 .49

12. Choice RT Subjects primed for Blocks - S. 80 trialsf~lock. SIoe IT as a eunt ion
Number of stimuli. Stimulus Load (2.3.4,6) of log-base-2 (1) Reliability .73

with 1:1 stimulus: Intercept of slope Reliability .70
response apping. Correlation of slope Reliability .36

Captures handling
of Information
transmilsion, per so.

13. Relearning Re-administer Task See Task 30. Proportional reduction Coefficient
of Paired 10 and compute pro- In learning trials Alpha .46

Associates portinal reduction Trials required to learn Coefficient

in learning trials Alpha 77

14. Old-New Present one word at Trials - 200 common nouns. NT for log and m wovrs Direct computation.
Word Memory a time and subject No. of intervening words the average of is

decides if word was (0.1.2,3.4,6). reliabilities .89
presented before.

15. Random Tap two keys. with Four sequences of 120 All of the following wore
Production respectlve fore- responses. Computed by the avg.

fingers. Each se- subset ittercorrelation,

quence of toppings cfl po-I-.U;
are subjectively phi-2-.291; phi-.|1;
chosen. phi.4-.72; phit-1.54

16. Three-Term Compare and make a Sets •3 32 p'oblemot. Respoase Time Moan eubtest

Series choice based os Set 3t Dick, Joh, Pote; iutercorrelation.

information in two abort-tall. cf1 .92
consecutive sent- Set 2: Dick, JOhe, Pete; Number Correct Moan subtest later-

ences. e.g., John good-bed. correlation. cf1 .05
not as tall as Pete. Set 3: Red, Blue. Yellow; Test Internal CoesiteKy Naon I1-21 for the
Pete not as tall as regh-nmoth. three smitests .N

John. Wo Is short-
et 1) Dick 2) John
3) Pete.

, ,, - ..-, . , j
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Table t (Costsimed)

Air Force Baselise Tests

Date ad Reliability

Task Teask Statistic of Reliability

Ne Descript ion Design Interest Type amoest

17. Meory Spa Decide which ne of Blocks * 4; 27 Triels/Block Computed memory span Avg-subtest linter-

previously (succes- correlation, cf1 .90

sively) presented Computed span over tour Direct computation .94

mine digits Is Mocks

missing. IT Direct computation .99

18. Patterns Out of four roeps IT Direct compation .65
Is Letter of letters, detect Internal Consistency KR-21 .76

Series and Identify seme- Number Correct Split-ball. cf 1 .63

los group.

19. Continuous Subjects associate $locks * 4, 50 Trilals/block RI Direct Computation .85
Paired temperatures with lo (0 Thru 6) - aumber of Proportion Correct Split-half. cfl .90
Associates each of four cities, temperatures between pre- Slope Prop. Car. Split-half. cfl .73

where temperatures sentation of a city's temp. regressed em log

are frequently and the question about the Intercept Split-half, cfl .94

changing. top.

20. Simon and Choose the letter 15 test questions. Internal Consistency KR-21 .54

Kotolvsky which continues a of right-wrong

(Last letter series of letters.
of Pattern)

21. Visual Scan Search for a letter Blocks * 4. 20 Trials/Block Scan Rate Direct Computation .97

(Neisser's In a matrix of Correct Identification Average Subtest

Presence letters, with rows- Intercorrelation cf 1 .69

Task) 20 and columns * 7

22. Line Length Pick the longer of Blocks - 4. 32 Trials/Ilock d. Test-Retest, fdl .73

Judgment two contiguous beta Test-Retest. cfl .63
horizontal lines

23. Sunday- Perform symbolic Sets - 2. 49 problems/set Mean RT Test-Retest, cfl .94

Tuesday arithmetic with S.D. RT Test-Retest. cfl .62

Task Nonday - I and No. of Items correct KR-20 .96

Sunday - 7. Answers
are days of the

week. sot numbers

24. Semantic Present two words Blocks - 3, 102 pairs/Block IT difference btwn Spit-half, cfl .67

Priming and decide If both loth words (pairs-34). Both related and unre- Reliability of

words are real. somnords (pairs.34). One lated pairs difference scores .76
word real (pair-8). Both
words real and seomantically
related. e.g.. doctor/ursa
(pairs-1O2). Both words real
end Not semantically related
(pa irs-12)

21. Rotated Judge whether a Trials - 00. IT slope across Split- alf. dfl .76

Figures rotated figure Is Decision (Sea - 120 Trials rotation
the same as al up. vs. Diff * 60 trials).
right figere on Rotation (50.60.10 degees).

Its left.

I,
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%Le

# *€. .



Table 2 (COntimad)

Air Force leseline Tests

Data mnd Reliability

Tak Task Statistic of Reliability
oe Descrtption Design Interest Type Aeat

6. Oul Task Continuoesly tap at Conditions - 8. 4 is ascending Nichon perceptul moter Avg. Sobtest
a steady rate whIis ordar of difficulty and the lod * (loaded topping- intercorrelation, .5
performing secondary sam 4 descending 1) baseline, unloaded tapping)/ cfl
tasks of varying 2) letter array with 0-s. 3) uloaded tapping.
difficulty requiring array with curved letters. 4)

searching for a v in ar"aI with angular letters.
a letter array.

7. Ichakawa Respond If a pattern Sets t 3. 2 Trials/st Number Correct Answrs Split-holt. cf1 .89
Short-term of 3 points formed by Presentation delay Is 1. and Slope of No. of Items
Nmory for successively present- 9 sec. after off set of correctly answered
Visual tg I point*40 each original mtrt. regressed delay Split-half, efl .24

Position of 3 (5 pt. x 5 pt.) Intercept Split-half, cfl .77
mtrices was prompted
by a prior similar
criterion nutrix with
7 randomly selected
matrix points.

2S. Collins Answer true/false to Sentences * 20S Slope of IT repressed Odd/even split,
and a sentence whose sub- P sentences refer to subject on difference is levels cfl for S condi-
Quillian ject and predicate preperties. e.g., wool is tion .44

U' differ is linguistic soft. S sentences refer to Difference btw Level P condition not
ed congiltive category morship. e.g., 0 ad Level I IT significant

complexity. Christmas Is a holiday.

Level difference (0.1.2). P condition
relationship Of
differece .10

S condition

relationship of
difference .58



more detailed than the previously reviewed BAT battery because the documents
reviewed for this report (i.e., Christal, 1984, 1985) did not provide as
much detail of test characteristics for the BAT battery as for the Baseline
test battery. It was, thus, felt that this initial comparison, which is de-
signed to sensitize the reader to the test character-istics that will be
used to compare the Project A tests to the Air Force and
Navy tests, would best be served when describing the Air Force Baseline
tests.

Baseline tests contain more trials per task than found in Project A.
For example, the Air Force's Sternberg task, using digits for stimuli (7a),
contains 160 trials while the Sternberg task in the Project A battery
contains 36 trials, with 1/3 of the stimulus trials containing digits.

As seen in Table 2, the Air Force's method to assess task reliability
is not constant across tasks. Split-half reliabilities based on odd-even
(parallel) items are computed for some tasks while other methods were used
for other tasks. The IDirect Computations method is not defined in Christal
(1984).

Project A has employed test-retest and split-half reliability measures
for its computer tasks (Toquam, Dunnette, Corpe, McHenry, Keyes, McGue,
Houston, Russel & Hanson, 1985). Much concern has been directed toward the
psychomotor tasks because these measures traditionally show low test-retest
reliabilities.

The issue of adequate test-retest reliability may be reconceptualized
as consistency in performance over many trials (Rogosa, Brandt & Zomowski,
1982; Tucker, 1966; Zeaman & Kaufman, 1955). Low reliabilities may be
reflecting individual differences in learning rate for these tasks. One
issue of possible interest is whether statistics reflecting subject learning
may provide reliable and valid indicants of predictor performance.

Tasks used to evaluate learning curve parameters.

Table 3 contains learning tasks used to evaluate curve parameters in
predicting subsequent learning proficiency. The table appears to contain
job-relevant criterion tasks that are administered via a paired-associate
format. For example, the Emergency Procedures Task requires that subjects
learn critical (job-related) steps and those steps' relative order of
performance. The task is structured so that one can repeatedly measure a
subject's performance as he/she is learning the task.

A number of positive points may be made regarding the Air Force's
research strategy of identifying tasks and their respective critical
behaviors, and restructuring those tasks to fit an experimental paradigm.

These, first, include the employment of sensitive dependent measures. For

example, one can measure RT to the millisecond and distinguish between
errors of commission and omission. Second, one may vary the tasks by
employing a componential approach or introduce other independent variables.
Third, one may impose various experimental frameworks onto the task, e.g.,

12
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Table 3

Air Force Learning Tasks Used to Obtain Learning Curve Parameters

Task em eand Design and Statistic
Description of Interest Cognitive Factors Operations

1. Coded Messages: Foru Introductory Phase: Associative Memory Basic:
associations between Learn associations of Logical Reasoning or Encode words, store their
abstract symbols and 4 symbols/subset, qubset-3. Logical Evaluation. meaning, encode symbols, use
corresponding words Test Phase: Perceptual Speed. visual memory to compere the
end combine these syn- Decide if word message and meanings of the words and
bola Into statements, symbol message are identical. symbols, combine these sym-

Number decoding symbols (4,5.6) bole Into statements. and
AT and error. execute a proper response.

2. Emergency Procedures: Introductory Phase: Does not translate Encode a series of state-
Learn and recall Learn In order, the first 4. easily into derived ments with regard to their
Information organized the first I, end then all 12 Factors. serial order. string and
as en ordered set of steps In a procedure. retrieve this Information.
statements. Test Phase: compare serial positions

Decide If stated ordinal rele- within the stored Informe.
tionship between two steps Is tion, and execute a proper
correct. RT and error, response.

3. Time Check: Read. Introductory Phase: Perceptual Speed, Cognitive:
adjust end compare Learn association between clock Spatial Relations, Encode a digital stimulus,
values from digital face and digital display. Numbericl Computation, store this information,
and analog Information Learn relationship among the Logical Reasoning. encode an analog or fig-
displays. different tie zones. oral stimulus, compare the

Test Phase: semantic isformation from
Decide if a digital display for both stimuli, and execute a
a given time zone equals a pre- proper response.

viously presented clock display
for a given tim zone.

Clock faces rotated (0.90,180.
2700), with outside arrow point-
Ing to clock's 12 o'clock
position.

4. Security check: Introductory Phase: Associative Memory, Encode a series of paired-
Learn and recall an Learn In order, the first 4, Logical Reasoning. associates. store and re-
ordered set of meaning. the first 5, and then all 12 Sequential Memory. trieve this information.
ful paired-associates locations and their associated compare serial positions

security designation. within the stored Informa-
Test Phase: tion, execute a proper

Decide if a statement comparing response.
2 locations in terms of the
ordinal relationship of their
associated security status is

correct. AT and error.

S. Comunications Control: Introductory Phase: Verbal Comprehension, Cognitive:
Remember hierarchically Learn 3 channels and associated Logical Reasoning Encode, store and retrieve
structured verbal codes, with each code associated Associative Memory. linguistically presented
information with different types of Inform- Information to compare sam-

tion reflecting traffic flow. antic Input with this
Test Phase: stored Information. and to
Decide If a channel Is correctly execute a proper response
associated with 2 questions re- on the basis of the
questing specific information re- comparison.
garding traffic flow. RT and
error

13
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Table 3 (Continued)

Air Force Learning Tasks Used to Obtain Learning Curve Parameters

Task Name and Design and Statistic
Description of Interest Cognitive Factors Operations

S. Direction Judgment: Introductory Phase: Visual hemory, Basic:Store and retrieve Study the locations of 12 Spatial Orientation, Encode, store and retrieve
Information concerning features on a up Perceptual Speed. visuo-spatial Information, tovisual forms and their Test Phase: compare perceived Information
relationships Within A Decide if a feature Is in the in memory and to execute a
two-dimensional array suggested direction with regard proper response based on that

to A previously presented comparison process.
feature. Orientation of top of

• Previously Presented feature
(North. South, Est, West).
AT and error

7. Strategic Decision: Introductory Phase: Number Facility. Cognitive:
Remember numerical Associate numeriall values to General Reasoning, Encode, store and retrieveValues associated wth G set Of t iuli nd u

n the Assc itve Nle wry . quantitative Inf ormtion to
other stimuli and per- points Of two subtests. apply Computational rules toform numerical opera. Associate one rule to one ratio this itformation, and to
tions on these values, between the two subsets and execute a proper response

another rule to another ratio, based on the results of theTest Phase: computation.
Answer (Y/N) If A Suggested
rule applies to two subsets
of Stimuli.

.'1.
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speed-accuracy tradeoff, signal detection, or as found here, a paired-
associate paradigm.. These paradigms may allow one to identify critical task
components and provide a theoretical framework for identifying behaviors (or
processes) of interest.

One potential negative aspect of this experimental approach is the
possibly limited transferability of an *experimental' task to a 'real world'
task. The extent of transferability would need to be empirically
determined.

Integration of human performance measurement disciplines. The reor-
* ganization of the Air Force's learning parameter tasks into a format

depicted by Table 3 suggests that one can integrate different methodologies
of human performance measurement. Table 3 shows that one may describe the
same behavior in terms of (a) job behaviors that may be used to represent a
job-relevant criterion, or (b) abilities that are defined in terms of
psychometric-based methodologies (e.g., the factor analytic methodology used
to define the cognitive factor of Associative Memory), or (c) the experimen-
tal-based methodology that isolates the operation of encoding, comparing,
combining, etc.). The column titled 'Cognitive Factors' identifies abili-
ties that are described in the psychometric literature, while the column
titled 'Operations' identifies stages of information processing that are
described in the experimental literature.

To the extent that psychometric-based methodologies represent selection
measures, experimental methodologies are representative of training
approaches, and job-relevant measures represent performance measurement, the

* mapping represented in Table 3 suggests a possible technique for linking
these three human resource management fields.

For example, the table suggests that it is possible that a measure of
perceptual speed from the psychometric literature may relate to a criterion
task which is based on job analytic methodologies, while a measure of
perceptual speed from the experimental literature may relate to both the
psychometric measure of perceptual speed and the criterion task. The
experimental task may, therefore, be unlikely to exhibit incremental
validity in the statistical sense. However, systematic study of the
experimental task may highlight the independent variables and their
respective levels that have the most marked effect on perceptual speed and
criterion task performance. Identification of powerful independent variable

* effects could then suggest avenues for treatment intervention (i.e.,

training of relevant behaviors or strategies predictive of performance).

The table also suggests that one may systematically observe a subject's
* learning of a criterion task. For example, systematic observation of the

subject's task learning behaviors may identify differences between
successful and less successful subjects in the memory aids they employ, for
example, in the Time Check Task (3). Of interest would be the Subject X
Learning Parameter interaction for Time Check, which according to the table
would be represented by the relationship between perceptual speed
(psychometrically defined) and learning parameters, and the relationship

15
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between perceptual speed (experimentally defined) and learning parameters.
The intent is to observe if (a) perceptual speed predicts learning per-
formance, (b) components of perceptual speed (experimentally defined)
predict learning performance and (c) components of perceptual speed (ex-
perimentally defined) predict different components of learning at different
stages of task competency. The intent is not to go into an *infinite Do-
Loop of research*, but rather to suggest that one can systematically map
criterion, psychometric literature measures and experimental literature
measures to take advantage of the technologies of these respective
disciplines.

Measures of Automaticity

Table 4 contains tasks designed to measure individual differences in
movement toward altomaticity. Automaticity reflects a developed competency
in a task due to learning (Schneider, 1985). One question that has been
raised regarding automaticity research deals with whether the learning
reflects a more specialized way of using the same resources or whether the
resources are different from the ones originally used as one learns the task
(Logan. 1985). Either strategy could elicit the gradual leveling of
performance across stimuli of varying complexity. This effect can be
studied in the following three tasks that are employed by the Air Force in
its research effort studying automaticity with the intent of isolating those

* factors accounting for the qualitative changes found with extended practice.

The Perceptual Matching Task (1) represents a scanning task of varying
difficulty. A focus of interest would be the effect of practice on indi-

* vidual differences to the extent that the more difficult matrices (e.g.,
larger and less discriminable) elicit performance (e.g., reaction times)
that approach the reaction times of less difficult matrices. (The less
difficult matrices would be smaller and more discriminable than their more
difficult counterparts.)

The Attribute Comparison Task (2) is a Posner Task, with an embedded
variation of type of identity (i.e., physical vs. nominal vs. categorical).
A focus of interest would be the effect of practice on individual
differences to the extent that more complex matches (e.g., categorical
matches) elicit performance that approaches less complex matches (e.g.,
physical matches).

The Arithmetic Operations Task (3) contains a homogeneous set of op-

erations for all but one of the blocks of trials. A focus of interest could
be the effect of practice on individual differences to the extent that more
difficult problems (e.g., larger sums) elicit performance that approaches
performance for less difficult problems (e.g., smaller sums). Individual
differences could be observed for each block of trials.

When observing movement toward automaticity, one may be interested in
*the interaction between initial task performance and the rate of improvement

in task performance. One would then be observing the interaction between
initial ability on the task and learning rate for that task.

16



Table 4

Air Force Tasks Designed to Measures Differences in Movement Toward AutomaticityI Task and
Description Design Statistic of Interest

1. Perceptual Sessions - 8, 96 trials/session 1. Slope and interest of positive
Matching: -Matrix Size (3,5,7.9) elements and negative decisions.
Decide if Different Degrees of mismatch 2. Session x Slope interaction for
two matrices (0.1.2. all elements), each decision. Session x
match. Intercept interaction for each

* decision.
3. Trial effect with slope and

Intercept.
4. Initial Level x other factor(s)

using curve fitting procedures.

2. Attribute Sessions *6. 540 trials/sessions. 1. Initial Level x other factor(s)
Comparison: Type of Match Required (Physical, using curve fitting procedures.
Decide If Normal, Categorical)
two sets of Each type of umatch as 45 trials/
items match sessions.

3. Quantitative Sessions - 4. 128 or 144 problems/ 1. For addition, fits RT slope
*Fact Retrieval: session. Each session tests a across the different sums.

Arithmetic different type of arithmetic 2. Initial Level x other Factor(s)
Operations operation, using curve fitting procedures.

3. Detailed analysis of error data.

S 17
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Initial ability could also be defined by a classical psychometrically-
oriented measure or by a criterion task correlated with the automaticity
task of interest. Two relevant questions emerge:

(a) how does performance on the correlated measure interact with
initial performance on the automaticity task;

(b) how does psychometric ability or criterion task performance
interact with practice on the automaticity task?

These questions could be answered by a split-plot repeated measures
analysis, with the Group variable derived by stratification of a psycho-
metric correlate. For example, assuming that a Perceptual Speed measure
(developed according to classical psychometric procedures) predicts
performance for th~is task, one can determine how high and low ability
subjects on this psychometric measure differ in their respective learning
rates for Perceptual Matching (1).

Another strategy could include systematic variation in the introduction
of the psychometric and criterion task measures at different stages of
practice on the automaticity task. For example, one can systematically
introduce a measure of Perceptual Speed or a related criterion task, perhaps
one requiring target detection, in one or more of the eight sessions of the
Perceptual Hatching Task. The goal is to observe how well increased
competency on automaticity of the Perceptual Hatching transfers to
performance in a psychometrically-based ability or criterion measure.

In-House Experiments and Uvdating of Some Tests

Table 5 is a concatenation of Christal's listing of Air Force experi-
ments performed in-house and the limited listing of the updating of in-
house and other tasks (Christal, 1984, 1985). Brief discussions of each
grouping of tasks, (e.g., Triad Sub-Battery) follow.

The Triad Sub-Battery employs a paradigm in which all the information
for a trial is presented simultaneously. A primary focus is the variation
of cognitive and linguistic complexity within the context of a binary
classification RT task.

The Speed Level Battery measures speed and level scores in the reason-
ing, quantitative and verbal domains. This battery contains a number of
tasks employed in the Baseline Measures Program (Christal, 1984). The Speed
Level tasks that overlap with that program include simple and choice RT
(9,10), Sunday-Tuesday Addition (14), Sentence Picture Verification (15),
and Number Facts (16). The only difference between the Baseline Measures
and the Speed Level Battery appears to be the number of trial blocks and the

N number of trials per block (see Table 2 for comparison).
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Table 5

Air Force to-House Tests

Task Task Nae end Task Statistic
Category Description Resign Of Iaterest

Triad Three stimull presented slmltaseoesly
se-Battery in Triangular format, with one of the

bottom 2 stimuli watching the top stlmlus.

1. S mple RT - Respond to any light
n the Scree.

2. Choice AT - Press response key under
the star, which occurs redamly on
the left 0? right side.

N 3. Physical Identity: CUT
CUT SET

4. Nem Identity: SET

set get

S. Category Identity: IMP
CAN PIANO

6. Meaning Identity: RESPITE
REVENGE REST

7. Sound Identity: SLEIGH

SLY SLAY

6. Relation Identity: BIRD-FLY

SNAKE-SLIThER CAT-MEOW

Speed Level-(1964) 9. Simple RT Blocks * 3
Measure Speed and
level scores In 10. Choice RT 60 Trials

the reasoning,
quantitative, 11. Remote Analogies: Verbal anologies 25 Trials

verbal dom ins.
12. Number Sets: Select the atypical

number series. 30 Trials

13. Fact Verification: Determine Blocks o , 26 Trials/Block
whether a simple sentence was true or false. Sentence types

Noun with characteristic

man In a category

14. Sunday-Tuesday Addition: Perform 35 Trials
symbolic arithmetic with Monday - 1 and
Sunday - 7. Answers are days of the Week
not mebers.

15. Sentence-Picture Verification: Determine Blocks * 4, 16 trials/Blocks
truth or falsity of simple sentences like DesiGn: 'To Follgw' vs 'To Precede"
the following: Active vs. Passive

A I Positive vs. Negative
The A is Sot followed by the 0. A first vs. I first

16. Number Facts: A separate block for each - Blocks 6 , IS-16 Trials/block
addition, subtraction, multiplication,
division, mixed.
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Table B (Continued)

Air Force 18-Novse Tests

Teak Task Nm &ad Task Statistic
Category Description Design Of Interest

17. Neamry Identity: See "94a109 identity In Blocks - 3, is Trtals/lock
Trial Sub-battery.

1. Simple Symbolic Arithmtic: 21 Trials
Given A - 6, 1 - 3, C 6; C4 - I

10. Complex Symbolic Arithmetic: 15 Trials
Given C - 3/2, B - 23-17. U A - ?

20. CVC - Word Pairs: Memorize 14 associatIons 28 Trials,
between tfigrans and coman mouns and choose Nouns (moderately easy,
synonym of the noun associated with a trigram. moderately difficult)

21. Arithmetic Tracking: Perform six sucessive
arithmetic operations. Blocks - 2, 20 Trials/Slock

22. Memory Span: Decide If successively presented Blocks -3, 10 Trials/Block
suggested contiguous numbers were present and Memory Load Blocked (S, 7. 9
contiguous In a prior set, numbers). Number of numbers

tested (2 to 5).

23. Three-Term Series: Co are and make a choice Blocks -3, 7 items/Block.
based on information In two consecutive Variations:
sentences. 1. markedness (taller, shorter

2. negation in first vs.
second clause.

3. congruence in relational
adjective in the clause vs.
in the question.

24. Trait Levels: Associate a trait with a 7 Items; 6 paired comparison/item
letter. e.a., A - fast. I - slow, C -medium
and 2 letters at a time on that trait.

25. Rule Application: Based on rules, transform
first 2 letters In a string and transform
that result with the next letter. etc. Blocks - 6, 10 Items/Blocks

Narking Memory 26. Revised ABC Test: Associate 3 letters to Processing Load (0.1,2 operations).
Battery-Evaluste their respective numeric operations of TimI n Memory determined by
fixed attentional varying difficulty, presentation order (1st, Ind, 3rd)
space shared for x Test order (1st, 2nd. 3rd).
short-term stor-
ae and execution 27. Digit Span with Partial Recall: Memorize Equal number of trials for primacy.

sequential order of 9 digits. recently and central effects.

28. Missing Digit: Decide which digit is missing. Memory Load (6. 8, 11)

29. Fast Running Recall: Memorize digits of Presentation Rate (4 or 6 digits
variable length and repeat the last three per second). Digit Length
digits presented. (4. , 12. 16 numbers)

30. Letter-Digit: Given a list of digits and Blocks - 3. 20 trials/Block List Change in "dian
associated letters continuously appearing, Length (3. 6, 9, digit-letter response tim ever
match the number to Its letter. associations). 20 trials

31. Brown-Peterson a: Memorize 6 digits: respond Number of Intervening questions
to varying number of questions regarding a (4. B. 16)
visual display; recall original digit sequence.

20
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Table 5 (Continued)

Air Force In-House Tests

Task Tak Name and Task Statistic

Category Description Design Of Interest

32. brown-Peterson b: Memorize digits; answer Memory Load (3 vs. 6 digits)
questions regarding the relative order of the Linguistic difficulty; e.g., a
digits; recall eriginal sequence. does not come before 3 vs. 8

cones before 3.

33. Word Recognition Threshold: Recognize coma Word Length (3 vs. 4 letters)
English words. Exposure time (17, 33, 50 Isec.)

Spatial- 34. Figure Synthesis Task: Synthesize line Blocks - 4, 24 trials/Block
Visualization segmentsaind decide if a one or two segment lumber of lime segments (3. 4.

part was contained In the synthesized figure. 5, 4).

35. Palmer-Figures Part-Whole Verification Task: 96 Items
Decide if lines of a figure were contained Between Ss
In a prior figure. (Self paced study time of first

figure vs. 500 msec. study time
vs. 3000 asec. study time)
Goodness of Form (closure and
proximity values of lines.

36-39. Standard Tests-Identical Pictures, Block

Synthesis Form Board, Gestalt Completion.

Short-Term 40a,b. Memory end Visual Search: Decide whether Memory Search - Memory Load RT slope regressed on
Memory Battery a probe is present or absent. 1, 2. 3, 4, 5 consonants). memory; memory load and

Visual Search-Display Load display load; RT

(1, 2, 3. 4 consonants). y-Intercepts from
regression

41. Peterson and Peterson Task with Subtraction With Ss (2, 4, 6, b. 12
as the intervening task: Memorize a con- interations). Between Ss:
sonant trigram; Subtract a consonant iterst Meaningfulness (Word vs. trigrem)
ively from a given number; recall trigram. Difficulty (Subtract 3 vs. subtract

2).

42. Iconic Memory: Recall the prompted consonant Tine between Matrix disappearance
In a 2XS matrix of consonants exposed for end prompt (50. 100. ISO aec.).

SO (Osec.). Time between prompt and matrix
appearance (0, SO, 100 sec.).

43. Perceptual Threshold: Identify stimuli pre- Trials - 150
sented for brief exposure. Exposure Tim (17, 33, 50 isec.)

Type of stimuli (upper and lower case
letters digits). Stimulus length

(Single vs. double digits. 3 vs. 4
letter words).

Verbal Learning 44. Paired-Associates Learning with Imagery Trials - 12; 10 questions/trial.
Systematically Varied: Learn 10 word pairs Within Ss: Imagery of pairs (low.
for each trial. Answer 10 multiple choice medium, high) Trials (4 trials/imoery
questions testing memory for word pairs, with level) Between Ss: Type of training
only the first end last letters of the (No training vs. semantic elaboration
associated word ed distractors appearing. on last 6 trials vs. repetition on

last trials).

45. Analogical Reasoning with Simple Recall: AT for A: I and for C:.
Present analogy to be completed based on prior

analogy. After 20 trials, prompt j to
remember one of the prior analogies.
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Table S (Continued)

Air Force In-House Tests

Task Task Nae and Task Statistic
Category Description Design Of Interest

46. Self-posed Paired Associates Learning: Think
of a sentence to connect a word-pair; recall
the sentence when presented with half of the
word pair.

Miscellaneous 47. Numerical Operation;: Computerized version
(1944) of test used by the Air Force Is the 19S0's.

48. Memory for Lists In Different Spatial Trials - 36. Array Arrangement
Arrangements: Mkonertze 12-itee list. (Clock-like, ladder, step-like).

Structure of Promp~t (Pictorial, i.e.,

lists's structure maintained exceptfor blank to be recalled stimulus vs.
verbal, i.e., 'Recall what Item fell
In a given position number").

49. Alphanumeric Series Matching: Decide If Trials - 72.
two side-by-side letter strings are same Display Load (8. U characters)
or different.

SO. Picture Paired Associates Learning: Sets - 3; 10 pairs/set
Memorize 10 picture pairs and select the
correct associate In a ultiple choice forest.

S1. Nonsense-Picture Paired Associates: Same

as above, but nonsense picture used.

52. Trigram Paired Associates Learning: Sam Sets - 6. 10 pairs/set
as picture pair, but manipulate Meaningfulness (3 high vs. 3 low
meaningfulness, meaningful sets of trigrms)

53. Word Paired Associates Learning: See 1SO.

54. Reading Rate: Read and memorize comprahen- Passages * 6, 8-10 questions/passage.
sion of six sentences presented one at a
time.

$5. Free Recall: Memorize 70 words for each of Categories - 10
10 categories. Non-referenced word frequency (high.

medium. low).
S6. Memory for Classes: Memorize 45 sets of S Trials - 45: Set Manipulation (Test

objects for later recall, object presented for memory vs. test
object not presented but set ember of
object vs. test object not presented).

S7. Memory for Digit Order: Decide if suggested Trials - 80.
7-string digit Is in the same order as a Order mnipulation (sam order vs.
prior string, transposition of adjacent digits).

SI. Perceptual Threshold: Identify stimuli pro. Exposure Time (16.2, 33. 0 eae.)
sensted for brief exposure. Type of stimuli (upper end lower

case letters, digits) stimulus
length (single vs. double digits, 3
vs. 4 letter words).
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The Working Memory Battery contains tasks requiring continual updating
of information (27,29,30), arithmetic operations (26), memory of a large
number of stimuli (27,28), memory with intervening interference tasks (31,
32) and perceptual recognition (33). These tasks appear to require in-
creased effort as defined by the magnitude of the number of stimuli on which
the subject operates.

Spatial Visualization tasks appear to require updating and integration
of past and present information (34,35). This battery also contains a
number of standardized tests (36-39).

The Short-Term Memory Battery contains the Sternberg task with varia-
tions of memory load (40a) and display load (40b). The tasks also represent
various stages of visual memory (43,42,40a,40b) and a paired associates task
with an extra retehtion component (41). These tasks do not appear to
concentrate on difficult stimulus parameters as found for the Working Memory
Battery. One may posit that the Short-Term Memory Battery is designed to
capture various search behaviors while the Working Memory Battery is
designed to capture recursive behaviors and/or behaviors requiring increased
effort.

The Verbal Learning Battery employs paired-associate tasks with
embedded independent variables (44) and an analogical reasoning task
popularized by Robert Sternberg (45).

The Miscellaneous Tasks include various speed level tasks (47,48,49),
paired-associates tasks (50-53,55,56), comprehension (54), serial order
memory (57) and perceptual threshold (58).

The tasks listed in Table 5, like those in Table 2, contain more trials
per task condition than do Project A tasks. Table 5 does not contain
reliability information as reported in Table 2. There is overlap in the
content of the tasks listed in Tables 5 (Air Force in-house tests) and Table
2 (Air Force Baseline Tasks).

NAVAL SPATIAL ABILITY TESTS

Table 6 tasks are being developed by the Navy (Christal, 1984, 1985).
These tasks are included in the present review because of their emphasis on
spatial abilities, a primary focus of Project A measures. The Navy's tasks
are categorized as those involving static displays, displays with moving
elements and spatial orientation.

The static displays include the Shepard Mental Rotation task (2) and
SAME-DIFFERENT judgment task of complex and perturbed stimuli (Cooper, 1976;
1980). Also included are tasks (3,4,5,6) that capture different aspects of
Kosslyn's theory of mental imagery (Kosslyn, 1981).

The moving display tasks appear to stress the ability to identify and
anticipate intersection points of a trajectory (7,8,9).
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Table 6

Novel Spatiel Ability Teaks

Teak Category Task Nom end Description Task Design Statistic of Interest

Tasks Involving I. Figural Comparison: Dacie If two Trials * 120; 240 Complexity (No. Average IT. Errors
Static Displays simultaneously presented polygons geometric points) Perturbation

are the saw or different (i.e., (Extent of difference)
Perceptual Speed).

2. rantsl Rotetlon: socide if two Trials - O; Aaguler disparity RT slope regressed across

simultaneously pra seted polyme (0.1600) etch Type (Sam or angularity. Intercept Of

are the-sam or differenet. Difofrest). RT. Seperate Slope and

Intercept for each Decision.
3. Adding Detail to an late: Observe Trials - 32-40; Nuber of aucces-

a shape repeatedly, with each pro- live presentations (3 to 6).

sentation containing the shape and

I additional detail. Decide In
multiple choice format which shape

contains all the details.
4. Form goird Trials * 240, Very: 1. No. of RT estimates for motor time.

Stimulus Elements. 2. Ma ipuletion encoding and comparison time,

of Elements for Assembling. search time. Rotation Rate,
Accuracy.

5. Imge Integretion: Mntally late. Trials - 20 to 30; Tim to perform Integration.

grate array of Irregular shopes @nd Numoer of Shapes (2 to 6). Tim to decide correct shape.

then decid In multiple choice Accuracy.

format the correct shape.

6. Surface Development: Decde If, 7rials 72 to P0; No. of mnipulated Tim to mntally fold first
e.g., 2 edges of a flat unfolded surfaces (1 to 9). first cube. Tim to decide

cube would fold Into an identical match. Accuracy.

cube as a previously presented
unfolded cube.

Tests Involving 7. One moving Elemant: Decide the
Moving Elements Intercept point of a trajectory

or w%*n the trajectory will reach
a point or both.

8. Two moving Elements: Trajectory Very:

paradigm as 17. 1. Type of trajectory (straight vs.

curved)

2. Angle of intersection

3. Speed ene ccleeration

4. Ltent of melon extrapolation
9. Pseudo Driver Displays- 3-0 very:

perspective for trajectovi test. 1. See Iwo Moving Elooents (08)

2. Subject's 30 perspective of

moviag objects

10. Geographic Orientation: Simulated Very:

rout leaerning tesk in which ts are 1. fawvroment complexity
shown a changing display represent- 2. Cheng&s in Direction

Ing movement through an enviroment. 3. Distance traveled

Spotial 11. Spoatial Orientation: Free within a Taks:
Orientation windowless room in a familiar 1. Point to collsg loadi rk

setting (i.e.. college camos) per- 2. Nork direction on paper
form different tasks. 3. Draw a campus uop

It. Memory for Position: aScids if a Memory Load (2, 3, or 4

sequence of lights en a Ut grid lights IN sequence)
was presented previously.

r3 Indication of location of moving Accuracy of potatt

object: Decide bearing of 3D
object after It moves off the

screen. Decide tim JD eject

would be alongside self.

14. 64ooephic Orientation! Drew up Se Task 010. Accuracy of up

or simulated environment.
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The table also includes tasks that appear to stress a subject's ability
to place himself/herself in a static or moving environment (10,11.13,14).
Tasks employing this ability but adapting it to 'real world' environmental
cues are included (10,14) as are tasks dealing with updating analog informa-
tion (12,13). A criterion task of orientation ability contains subtaska of
orienting oneself in a familiar environment by pointing to directions of
wel-known features and drawing a map that contains those features (11).

The tasks listed in Table 6 were selected and developed under contract
wihEarl Hunt and J. W. Pellegrino.

vihThe Project A predictor battery is designed to be an expansion of the

* number of constructs that may be used as predictors to select and classify
Army recruits into different military occupational specialties (Peterson,
1985). A brief description of Project A measures and the role that the
developing cognitive and psychomotor measures play in the project was

* presented in the present report's Introduction section. The report will now
describe those measures.

* Table 7 contains the Project A computer and paper-and-pencil tests.
The tests represent some of the hypothesized dimensions of primary impor-
tance for performance in the Army and are designed to discriminate reliably
among the ability levels of those recruits now entering the Army. The
reader is referred to Eaton et al. (1985) or Peterson (1985) for further
discussion of Project A predictors on topics not included in the present
report.

Some of the tests listed are not currently considered as necessary as

tey once were. Necessity may be determined by construct uniqueness and
ftigtest administration constraints. For example, the Shapes Test which

par ofthebattery. Support for this decision may be found in the factor
analytic studies showing that field dependence and tests similar to Assemble
Objects, another test in the Project A battery, consistently load on the

* same factor (Mos, Wardell. & Royce, 1974). The purpose of including the
Shapes Test and other tests not currently part of the battery is to maximize
possible comparisons between Project A developed tests and the tests
developed by the other service.. Other tests no longer in the battery
include the Path, Reasoning 2 and Orientation 1 Tests. The Orientation 3
Test is currently called the Map Test.

Comparisons Between Project A Tests and Air Force and Navy Tests

A primary purpose of this report is captured by this section. The
section contains tables that cross-reference Project A tests with the Air
Force and Navy tests reviewed earlier in the report. Tables 8, 9, 10, 11,
and 12 represent a 'cross-matrix' of the Project A tests with the AFliRL

programs of 1984 and 1985 and the Navy's 1985 program.
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Table 7

The Arow's ProJect A Coanitive and Comuter Predictor Battery

Construct and
Task Nae Task Description Design Statistic of Interest

Spatial Visualization Rotation

1. Assembling Decide how an object looks when Items - 40; 4 Correct
Objects parts are put back together. Label (Label contiguous

parts vs. don't label
contiguous parts)

2. Object Decide whether two figures Items - 90; Orientation % Correct
Rotation are the SAME or DIFFERENT. (Rotation vs. Flipped Over)

Field Independence

3. Shapes Decide which simple figure Is Item - 54 % Correct
mbedded In a more complex figure.

Scanning

4. Path Decide which of a given number Items - 44 Correct
of defined paths is the
shortest between 2 points.

5. hazes Decide which aze entrance Item - 24 % Correct
passes through the maze and to
one of its exit points.

Induction

6. Reasoning 1 Identify pattern among figures Items - 30 %. Correct
and decide next figure in series.

7. Reasoning 2 Identify the anomalous figure. Items - 32 % Correct

Spatial Orientation

8. Orientation Given a circle with a labeled Item - 150; 5 items/set % Correct
1 North heading, decide which of

5 other heading-labelled circles
are reoriented consistently.

9. Orientation Mentally rotate a frame around to Items - 20 % Correct
2 the bottom of a scene, and decide

what the orientation of a feature
in the frame would be.

10. Orientation Given the direction of a land- Items 24 % Correct
3 urk, decide the direction of

travel to other landmarks.

Counitive/Perceptual Tests:

11. Sille Trial - 10 T, S.D.. % Errors
Reaction Tim

.N%

12. Uoice
Reaction Tim Trial - 30 7. S.D.. % Errors
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Table 7 (Continued)

The Arow's Pro~iect A Coanitive and Computer Predictor Battery

Construct and
Task NUe Task Description Design Statistic of Interest

13. Perceptual Speed Decide If two stimulus Trial - 36; (alpha. 1. S.D.. Slope
and Accuracy arrays match. numeric, symbolic) x Intercept. 4 Errors

3 (2.5,9 Characters)
x 2 (SAME vs. DIFFERENT
Judgments).

14. Target Identity Match a military vehicle or Trial - 36. Agularity x T. S.D., Slope
aircraft target to one of Discriminability Intercept, % Errors
3 possible targets.

15. Short-Term Sternberg emory Scanning Trial - 36; 3 (1,3,5 7. S.D., Slope
Memory Task memory load) x 2 Intercept. % Errors

(letters vs. symbols)
x 2 (Presence vs.
Absence Judgments)

16. Number Memory Continually perform numer- Trial - 26 or 18 Y, S.D.. Slope
ical operations on a sequent- Intercept. % Errors
lally presented set of
numbers.

17. Cannon Shoot Rendezvous with a target by Trial - 36; 4 (Right, T Tin. X Log
firing a shell from a Down. Left, Up Direction (distance 41) Error
stationary position, to fire)

Psychomotor Testsa.

18. Target Track 1 Rendezvous with and remin on Trial - 18. 3 (max. cross- I log (distance +1
top of a target moving along hair speed) x 3 (Differ- errors
a marked path by moving a ence btwn Speed of Target
joystick. and Max. Crosshair Speed)

x 3 (No. of turns In path)

19. Target Track 2 Rendezvous with and remain on Trial - 18, 3 (Max. cross-
top of a target moving along hair speed) x 3 (Differ-
a marked path by moving a ence btwn Speed of Target
horizontal and a vertical and Max. Crosshair Speed)
slide. x 3 (No. of turns in path)

20. Target Shoot Rendezvous with a target that Trial - 30, Speed of Target 7 Time to fire
is unpredictably changing x Max Speed of Crosshair Percent Hits
directions by moving a joy- x Mean Length of each Seg-
stick and pressing a button ment traversed by the
to fire. target.

Note. Reaction time data are broken down into Decision. Movement and Total Titme.

Reaction tit data are presented in both raw form and by log transformation, with the fastest and
slowest RT trimmed off for each stage.

The Independent variable information Is taken from McHenry & McCue (1985) and Toquam. et. al. (1985).
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Table I

Air Force and Navy Tests Similar to Project A S

satial Visualization Tests

Project A Spatial Visualization Tests

Table Test Rotation Field Indepencence Scanning

Number Program/Battery Asseable Objects Object Rotation Shapes Path Maze

Air Force:

I SAT Mental Rotation(S) Embedded Figures(1O)

2 Baseline Ichakswa short term Rotated Figures(25)

Memory for Position(27)

3 Learn

Curve

4 Automaticity

S Speed

Level
5 Miscellaneous

S Verbal Learning

S TRI AD
5 S.T.M.
5 Working Memory

S Spat. Vis Figure Synthesis(34) Palmr-Figures(35)

Block Design(38)

Navy:

6 Static Image lnteoration(S) Mental Rotation(2) Form Soard(4)

Displays Form Board(4)

6 Moving Displays

6 Spatial Orient.

Note. B.A.T. o Basic Attributes Test Program

Learn Curve - Tests designed to capture )*aring parameters

TRIAD - Tests In which standard stimulus and the two choices form a triangle

S.T.M - Short-Term HMory

Spat. VIs. - Spatial Visualization

Spat. Orient. - Spatial Orientation
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Table 9

Air Force and Navy Tests Similar Project A Reasoning and Spatial Orientation Tests

Inductive Reasoning Spatial Orientation
Table Table
lumIer Groupieg 1 3

Air Force:

I B.A.T. Mental Rotation (5)
2 Beseline Last Letter of Patterns of Letter Rotated Figures (25) Rotated Figures (25)

Pattern (20); Series (15); Three
Three Term Term Series (16)
Series (16)

3 Learn Tim Check (partly) Direction Judgment(S)
Curve (3)

4 Automaticity

5 Speed Three Term Number Sets (16):
Level Series (23) Three Term Series (23)

S Miscellaneous Memory for lists
in different spat-
ial arrangements(48)

5 Verbal Analogical
Learning Reasoning (45)

5 TRIAD Relational

Identity (8)
5 S.T.M.

S Working Nemory
5 Spat. Vis.

Navy:

6 Static Displays Mental Rotation (2) Rental Rotation (2)
, 6 Moving Displays

6 Spatial Orient. Pseudo Driver (9) Pseudo Driver (9) Spatial Orient, (11)
Indicate Location of Indicate Location Geographic Orient.
Moving Target (13) of Moving Target (13) (10)

Note. B.A.T. - Basic Attributes Test Program; Learn Curve -Tests designed to capture learning parameters; TRIAD - tests in which

standard stimulus and the two choices form a triangle: S.T.M. - Short-Term Nemry; Spat. Vis. - Spatial Visualization;
Spat. Orient. * Spatial Orientation.

NO
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Tabto 10

Air Force and Navy Tests similar to Project A Reaction Time end Perceptual Speed and Accuracy Tests

Reaction Tim Perceptual Speed & Accuracy (PS&A)
Table

lumber Grouping Simple Choice PSLA Target Identity

Air Force:

I B.A.T. Decision-Mking
Speed (8) (Partly) Encoding Speed (4) Mental Rotation (5)

2 gasoline Simple Choice Posner Physical Rotated Figures (25)
17(1) RT(2) Identity (3)

3 Learn
Curve

4 Automaticity Attribute Comparison (2)
Se.C Perceptual Matching (1)

[*. S Speed Simple Choice

Level AT (9) RT (10)
5 Miscellaneous Alphanumeric Series

Match (49)
S Verbal Learning

TRIAD Simple Choice Posner Physical &
RT (1) Rt (2) Name Ident. (3, 4)

S S.T.M.
S Working Memory
S Spat. Vis.

Navy:

6 Static Displays Figural Comparison (1) Figural Comparison (1)
Mantal Rotation (2)

6 Moving Disp lays
6 Spatial Orient.

Note. B.A.T. - Basic Attributes Test Program; Learn Curve - Tests designed to capture learning parameters.
TRIAD - Tests in which standard stimulus and the two choices form a triangle; S.T.M. * Shor*-Term Memory;
Spat. Vis. - Spatial Visualization; Spat. Orient. - Spatial orientation.
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Table 11

Air Force and Navy Tests Similar to Project A Short-Term Memory, Number Memory and Movement Judgment Tests

Memory Movemnt Judgment
Table Table
lumber 6rouping S.T.K. Number Meory Cannon Shoot

Air Force:

I B.A.T. Item Recognition (6)
2 Baseline Sternberg No. (7a), Numerical Operations (8)

Words (4k);
Visual Scan (21)

3 Learn Strategic Decision (7)
Curve

4 Automaticity Quantitative Fact
Retrieval (3)

S Speed Arithmetic Tracking (21);
Level Simple Symbolic Arithmetic (18);

Number Facts (16)
5 Miscellaneous Computerized Numerical Operations (47)
S Verbal Learning
5 TRIAD
5 S.7.M. Memory &Visual

Search (40a, b)
S Working Memory Revised ABC Test (26)

5 Spat. Vis.

Navy:

6 Static Displays

6 Moving Displays One Moving Element (7); Two
Moving Elements (8);

Pseudo Driver Task (9)

6 Spatial Orient. Memory for Position (2) Indicate Location of Moving

Target (13)

Note. B.A.T. - Basic Attributes Test Program: Learn Curve - Tests designed to capture learning parameters;

TRIAD- Tests in which standard stimulus and the two choices form a triangle; S.T.M. - Short-Term Memory;
Spat. Vis. - spatial Visualization; Spat. Orient. * Spatial Orientation.
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Table 12

Air force and Navy Teasts Similar to Project A Psychomotor Tests

Psychomotor
Table Table
Number Grouping Target Track I Target Track 2 Target Shoot

Air Torce:

1 B.A.T. Time Sharing (3) Time Sharing (3) Time Sharing (3)
2-Hand Coordination
(16)

2 Baseline
3 Learn

Curve
4 Automaticity
5 Speed

Level
5 Miscellaneous
5 Verbal Learning
5 TRIAD
5 S.T.M.
5 Working Memory
5 Spat. Via.

'- Navy:

6 Static Displays
6 Moving Displays Two Moving Objects (8) Two Moving Objects (8)
6 Spatial Orient.

Note. B.A.T. - Basic Attributes Test Program; Learn Curve - Tests designed to capture learning
parameters; TRIAD - Tests in which standard stinulus and the two choices form a triangle;
S.T.M. - Short-Term Memory; Spat. Via. - Spatial Visualization; Spat. Orient. - Spatial
Orientation.
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The tables list the names of the programs and their respective tests
which appear to be similar to Project A tests. For example, the Form Board
Test of the Navy's Static Display Test Battery appears analogous to Project
A's Assemble Objects Test.

Although brief explanations for the suggested overlaps between Project
A tests and the Air Force and Navy tests follow, this author is aware of the
limited reliability of this *sorting' task with an n-l. The reader may
refer to Table 7 for descriptions of the Project A tests and Tables 1 to 6
for descriptions of the other tests to decide whether he/she agrees with the
proposed overlapsirelationships listed in Tables 8-12.

The reader is encouraged to perform two "search' tasks as he/she is
reading the upcoming text. First, he/she may look at the relevant 'crossma-
trix' table to get-a sense of the other tests to which a Project A test is
suggested to be analogous. Second, the reader may use the crossmatrix table
to refer to the table number in which the task suggested to be analogous to
a Project A test is described.

For example, the text suggests that the Image Integration Task appears
analogous to the Project A Assemble Objects Tests. Table 8 contains the
column heading 'Assemble Objects' under which suggested analogous tasks are
listed. Table 8 shows that one suggested analogous test to Assemble
Objects, the Image Integration Task, is part of the Navy's Static Display
Battery and directs the reader to Table 6, test number 5, to obtain more
information regarding the Image Integration Task. The text just prior to
Table 6 contains a brief description of the test and the battery, as well.
These and other comparisons between each Project A test and the Air Force
and Navy tasks follow.

Assemble Objects (Table 8). The Form Board and Image Integration Tests
require that a subject put together parts of a geometric figure to form that
figure. This appears to be directly analogous to the Project A Assemble
Objects Test, except that Form Board and Image Integration are computer
administered while Assemble Objects is in booklet form.

The Figure Synthesis and Ichakawa tests require that the subject inte-
grate the successive presentation of different parts of a figure and to
assemble the parts together to form a whole figure.

Obiect Rotation (Table 8) and Orientation (Table 9) Tasks. Spatial
tests may require different types of distinctions. These include distingu-
ishing between:

(a) a matching figure versus its mirror image (rotated or

unrotated);
(b) a rotated matching figure versus its mirror image or a

different figure;
(c) a matching figure versus a different figure;
(d) a matching trajectory versus a different trajectory.
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The Project A Object Rotation Task requires discrimination between a
figure and its mirror image. The BAT's Mental Rotation Task also contains
trials in vhich a figure's mirror image is rotated. However, this Mental
Rotation Task requires that the subject decide that a mirror image is a
match, while Project A's Object Rotation Test requires that the subject
decide that a mirror image is a mismatch. The other tests listed under

* Object Rotation do not~ require distinguishing between an object and its
mirror image.

The Spatial Orientation task requires that one identify the correct
d orientation of an object, once having mentally rotated the object to a

prespecified position.

One may consider identification of a trajectory as a component of a
spatial orientatiobp task. For example, when a subject is deciding how an
object appears when it is rotated one may argue that the subject is at-
tempting to identify an object when its trajectory comprises its swiveling,
or re-orienting, on itself. In other words, while identifying the swivel'
trajectory, the subject matches up parts of the original figure with the
swiveled figure. Such reasoning suggests that the Naval Trajectory Tasks
(Indicate Location of Moving Target, Pseudo Driver) could relate to Spatial
Orientation tasks and that a swivel' trajectory identification task could
relate to the Object Rotation Teat.

Also of interest are two analog Air Force tasks, Time Check and
Direction Judgment. The Direction Judgment Task requires that one remember
the spatial positions of different features on a map, which is similar to

5'-. Project A's Orientation 3 Task. A component of the Time Check Task requires
that one determine the time of a clock face that has been rotated, a task
similar to Project A's Orientation 1 Task.

One possible implication of these Air Force tasks is that one can
isolate critical parts of job behaviors and use those components as
predictors of task performance. One can also embed experimentally
manipulated variables within components of a criterion task that is composed
of job-relevant behaviors. For example, The Memory for Lists in Different
Spatial Arrangements Task (see Table 3) requires that one remember the
relative position of various features within a geometric figure. The task
is also designed to assess the effect of visually-cued information. The
visual presentation mode is represented by the reintroduction of the same
figure with the critical feature missing, with the requirement that the
subject recall the missing feature. Alternatively, the subject is asked in
sentence format to recall the feature that was in a specific position.
Comparison between the visually-cued format versus the sentence-format
allows for study of the regeneration of stimuli via the visual versus verbal
stimulus modes.

% Field Independence (Table 8). The Project A Shapes Test is designed as
an analog to the Hidden Figures Test, a measure of field dependence. The
Air Force BAT program presents two complex figures and requires the subject
to decide which of the two figures contains a specific simple figure. other
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* variations of field dependent measures may be deciding whether line segments
are embedded within a previously presented figure (Palmer Figures) or
carefully matching two similar complex figures to see if they totally match
(Figural Comparison). A Form Board Test, which operationally requires
assembling simple objects into a more complex object, is included here
because Form Board Measures typically load on the same Factor as field
independence measures. This has been labeled the Flexibility of Closure
Factor (Moo, et al.).

Scanning Tasks (Tables 8). This report did not identify analogs of the

S. Project A scanning tasks in -the Air Force and Naval Programs that it
reviewed.

Inductive Reasoning (Table 9). Inductive Reasoning may require iden-
tification of an inomalous series (Project A's Reasoning Test 2 or other
tests, such as Patterns in Letter Series or Number Sets). It may also
require identification of a given pattern (Last Letter of Pattern Test or
Project A's Reasoning Test 1). One may also expect relationships between
Reasoning Test 1 with Three Term Series, Analogical Reasoning and Relational
Identity Tests.

% Simple and Choice Reaction Time (Table 10). The Project A simple re-
action time (SRT) task requires that the subject respond to the presence of
a stimulus; the task appears analogous to other SRT tasks. The Project A
choice reaction time (CRT) task requires that the subject make one response
to one stimulus and another response to another stimulus. The Project A CRT
task contains an interval between the initial stimulus and the stimulus to
which the subject responds. The Air Force Triad CRT task simultaneously
presents the "initial' stimulus with the two choices underneath, with all
three stimuli forming a triangular pattern. The subject decides which of
the two bottom choices matches the top stimulus. The easy condition in the
BAT Decision-Making Task, as well as, the Baseline and Speed Level CRT tasks
appear analogous to the Project A CRT task.

Perceptual Speed and Accuracy (Table 10). One may describe this task
as aSAM-DIFFERENT judgment task or a computer-administered clerical test.

By incorporating this Project A task within the SAME-DIFFERENT paradigm, one
A. may conceptualize this task as a variant of either the Posner task (which

requires distinguishing between nominal, physical and categorical identity),
or the Figural Comparison task (which requires identification of geometric
figures with various degrees of similarity) or the Encoding Task (which is a
Pomner task by a different name). One may hypothesize that the most
analogous trials of the Figural Comparison Task to the Perceptual Speed and
Accuracy Task would be the Figural Comparison trials that require detailed
search rather than search for readily discriminable differences. One may
hypothesize similar relationships between Attribute Comparison and Percep-
tual Matching Tasks with the Perceptual Speed and Accuracy Task. The most
analogous task to Perceptual Speed and Accuracy appears to be the Alphanume-
ric Series Matching Task.
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One possible source of confusion is the BAT's Perceptual Speed and
Accuracy Task. This task actually requires a motoric response to each
symbol in a series.-rather than the scanning of two series of symbols to
decide whether or riot they match.

Target Identity (Table 10). Tests suggested as analogs to the Target
Identity Task are those that require comparison of geometric figures of
varying difficulty (Figural Comparison) and Identification tasks with an
angular rotation independent variable embedded within the task (Mental
Rotation, Rotated Figures).,

Short-Term Memory (Table 11). The short-term memory task is used in
various programs. The task may use numbers or letters as stimuli. Project
A varies memory load as does the BAT program, while the other Air Force
programs vary memory and display loads. Neisser's task requiring search for
*presence* is also listed here. The Memory for Position Test employs
memorization of a sequence of lights as the stimulus memory load.

Number Memory Test (Table 11). Analogs of Project A's Number Memory
Test come in various forms. The most analogous appears to be the Arithmetic
Tracking Task. The other tests listed require associating a letter with a
value and performing numerical operations with the letters. A slight
variation of the number-letter association is the association of geometric
figures (e.g., bombers) with certain values and determining the ratio of the
values for oneself and one's *opponent'. This latter task is called the
Strategic Decision Test.

Cannon Shoot-Task (Table 11). The suggested Cannon Shoot analogs
appear to require that the subject determine a trajectory and/or its point
of intersection. The tasks may have the target move or the target and the
figure firing the trajectory move.

Psychomotor Task (Table 12). Analogs of the Project A psychomotor
tasks require maintaining a marker position while performing a compensatory
task of varying difficulty (Time Sharing). Also included are two-handed
coordination tasks.

A Sunmmary of Similarities Between Pro iect A and the Other Services

A number of predictors used by Project A are, thus, analogous to tests
being developed by the other services. These 'conmmon* predictors include
Assemble Objects, Number Memory, Memory Scanning, Rotation and Target
Identity, Reasoning Tests, Perceptual Speed and Accuracy, and Cannon Shoot

r and Psychomotor Tests. The following brief descriptions identify those
constructs that were suggested in the previous section to be found among
both to the Project A tests and the Air Force or Navy tests described in
this report.

The Number Memory test requires updating information through arithmetic
r computation. Memory Scanning captures subject scanning strategy for

information in short-term memory. The Assemble Objects Test looks at1~ 36
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components of visual memory which require manipulation of information. such
as assembling and reorienting parts of a figure to form a whole figure.

Other tests which look at visual memory characteristics include the
Object Rotation, Target Identity, and Perceptual Speed and Accuracy Tests.
These three tasks may also be described as SAME-DIFFERENT Judgment Tasks, a
subject area within experimental psychology containing formal models that
allow for predictions of performance patterns across the stimulus parameters
within these tasks.

Reasoning tests, although being employed in various forms, essentially
require detection of a pattern among stimuli and/or determining the next
stimulus for that pattern. This type of behavior has been extensively
studied in the concept formation literature, with its formal models pre-
dicting performanck across stimulus parameters.

Finally, tests similar to the Project A Cannon Shoot and Psychomotor
Tasks require anticipating and/or intersecting with a point in a trajectory.
These type of tasks appear to differ by (a) the type of moving objects
(target versus object that is firing), (b) amount of moving objects, and (c)
the coordination of responses required to execute the anticipation and
intersecting behaviors (joy stick versus a mechanical slide; continual
following of target versus firing from a fixed position).

* Differences Between Proiect A and Other Services

The Project A measures do not include tasks employing the paired-asso-
ciates paradigm, which allows for the isolation of the acquisition, reten-
tion and retrieval stages of learning. The Air Force appears to be making
extensive use of this paradigm by manipulating variables that differ in
memory load and, visual and linguistic complexity, and observing the effect
of these variables on individual differences in learning various tasks.
These tasks appear to include components of job-relevant behaviors that have
been modified to allow for systematic study of individual differences by
this paradigm. One cannot state that, based on the descriptions in Christal
(1984, 1985), the component behaviors were identified by formal job sampling
techniques. One may, instead, state that the behaviors may be representing
hypothesized components of a job.

Three test-administration areas in which the Project A computer tasks

appear to be different than the other service's computer tasks are in number
of trials per task, dependent measures of interest and resolution of
reaction time measurement. Project A computer tasks have fewer trials per
task than are found for analogous tasks employed by the other services.
Examples of some of these differences are noted in the discussion on the Air
Force Baseline Tests. One may pose the question of whether the Project A
computer tests are currently capturing acquisition or stabilized performance
measures. one may also argue that the other services are capturing data
that provide a more detailed look at the parameter differences within each
of these experimental tasks. At issue is whether these differences are job
relevant.
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Interservice differences are found in the measurement of reaction time
* as a dependent measure. Project A separates a subject's reaction time into

Decision and Movement Times. Decision Time represents the interval betveen
* onset of the stimulus to which the subject responds and the time the subject

initiates the response. Movement Time is the time from response initiation
to completion of the response. The other research programs do not appear to
make the Decision and Movement Time distinction. Rather, they measure
Reaction Time as the subject's total time from stimulus onset to pressing
the button. Jensen is a proponent of the Decision and Movement Time
distinction (Jensen & Munro, 1979) while Longatreth argues against it
(Longitreth, 1984).

A related issue for the measurement of reaction time is the assumption
of a strong association between the stimulus and its associated response.
That is, one w'ould:not want to confound measurement of a subject's decision
to respond to a stimulus with the subject's 'figuring out' the correct
response button to press to represent his/her decision. Standardization of
response panel design and of the necessary number of warm-up trials to
insure sufficient stimulus-response association appear as readily approach-

* able areas for interservice cooperation. However, the theoretical arguments
regarding the 'purity' of the Decision Time measurement would still remain.

The third test-administration issue concerns the sensitivity of ineas-
urement of a subject's performance (Mclienry & McGue, 1985; Rosse, 1985).

d The Air Force employs a Perceptual Threshold Task that presents stimuli for
only 17 macc., suggesting that the Air Force employs sophisticated computer
programs with a 1 macc. resolution. The Project A Computer battery has a 10
insec. resolution (C. B. Walker, personal conmmunication, 1986).

As one reviews this report's extensive list of computer tests, one
realizes that the use of a microcomputer as an instrument to test the

* competency of a cognitive skill represents a technological breakthrough in
behavioral assessment and skills training. However, technical problems
exist. The more dramatic technical problems for consideration when using
the microcomputer as a scientific instrument include the use of software
that allows for sensitive stimulus presentation parameters and sensitive

d measurement of subject behavior. The sensitive unit of measurement in reac-
tion time tasks is typically 1 insec. Computer programs having millisecond
accuracy have been written that allow for such on/off stimulus presentation
and subject measurement (Dlhopolsky, 1982). Identifying how millisecond
resolution, response panel design and other problems (Lincoln & Lane, 1980;

Roseo, 1985) are being solved provide an avenue for cooperation in testdevelopment among the services.

One other difference between Project A and the other services is Pro-
ject A's dropping the Shapes test from the predictor battery. For example,
Table 8 describes an embedded figures task that is used by the Air Force
that is analogous to the Shapes test. The Shapes test was originally part
of the Project A battery but was dropped because of time constraints in test
administration and because it was felt that other tests such as the Assemble
Objects Test provide sufficient overlap with the ability tapped by the
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Shapes Test. One may still want to keep the Shapes Test on the 'back
burner.' Forms of Embedded or Hidden Figures tests have strong relation-
ships with target detection and identification tasks (Bone, 1978; Thornton.
Barret & Davis, 1968), automobile driving behaviors (Mihal & Barrett, 1976).
and other tasks or situations that would be of interest to the Army and the
other services (cf., Long, 1972).

Again, the other services' research programs covered in this report do
not appear to be employing analogs to the Project A Scanning Tasks.

Potential Predictors Not Included in Any Service Battery

Measures of selective attention or dichotic listening (e.g., Gopher &
Kahneman, 1971; Gopher, 1982) do not appear that popular, although other
paradigms reflecting channel capacity or attentional demand models are
employed. Examples include the BAT's Time Sharing Task and the Air Force's
Working Memory Battery. One example of a dichotic listening task is found
in the Tri-Services Test Battery. This battery was not reviewed by this
report, although Christal (1985) does list the battery, with brief descrip-
ti ns of each test.

The low emphasis that the services appear to be giving channel capacity
measures, as in the Broadbent Model (c.f., Broadbent, 1958; Kahneman, 1973)
when selecting tasks to represent components of an information processing
model should be recognized. Such a shift in the definition of information
processing may be resulting in test batteries that are not taking full
advantage of certain potential measures, which to paraphrase the intent of

the Air Force's BAT program, require that the subject quickly sort, priori-
tize and act on a continual stream of visual, auditory and tactile informa-
tion.

One may argue that the Project A Number Memory and Psychomotor Tests
represent tasks requiring updating and responding to a continual stream of
information. However, the abilities of quickly sorting and prioritizing
information do not appear to be as obvious for those tasks. Perhaps,
Project A measures may not have been designed to capture these 'sorting'
abilities because these abilities may not likely show predictive validity
for Army jobs.

The Annett Handedness Scale (Annett, 1970), another unique measure not
discussed in the present report is a 12-item self-report questionnaire being
employed by the United Kingdom (Christal, 1985). The scale allows for a
continuous (as opposed to dichotomous) measure of handedness, an indirect
measure of laterality (Hardyk & Petrinovich, 1977). The laterality con-
struct has been shown to be related to spatial abilities, which appear to be
given a strong emphasis by the Project A predictor battery. One possible
relationship of interest is that between laterality and a criterion task
predicted by spatial abilities. Such a relationship may carry implications
for equipment design and training.
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CONCLUDING COMMENTS

it appears that the services are identifying profiles of ability
competencies and critical job behaviors, and to various degrees attempting
to establish relationships between the two. Various paradigms and tasks are
being employed to measure and assess many skills and abilities. Measurement
instruments are being designed to be sufficiently sensitive to the behaviors
of interest (e.g., microcomputer programs that employ the msec. as the unit
of measurement for reaction time tasks, and GO/NO GO behavioral checklists
for gross behaviors, such as replacing a wheel-bearing on a 2 1/2 ton
truck).

Project A may be considered part of this concerted effort, with its
concentration on identifying and furthering the conceptual and technological
breakthroughs in hidman assessment and classification. As Hakel (1986)
states, 'Every major issue in the science and practice of making personnel
decisions is being addressedt (p. 373).

But as Hakel also points out, 'Project A won't have all the answers and
it won't put the rest of us out of business.' One may argue that the
employment of other experimental paradigms for both the predictor and
criterion sides of performance assessment by the other services suggests
that Hakel is correct. There is an information-rich and burgeoning tool kit
that may be called upon for reliable human assessment.

Recognition of the information that the tools (both conceptual and
technological) were originally designed to tackle may provide a guide forI
Identifying what questions each service is or is not answering. This report
may provide some help toward identifying the overlaps and distinctions among
the services by identifying their respective methodologies and constructs of
interest, which, it may be argued, are reflecting the questions and answers
on which their respective efforts focus.
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